While the Glenn-t-IT code has the original k-to model (Wilcox, 1988) , the shear stress transport (S ST) model of Menter (1994) , and the k-to model of Wilcox (1998) Menter (1994), the equations for the SST model can be written as
where the shear stress is given by
•°kS"
8,j being the Kronecker delta.
Note that the production term in Eqs. (1) or (2) can be written as (4) where the strain rate tensor is given by
It is known that in aerodynamic applications, use of S2 in Eq. (4) leads to very high heat transfer coefficient at the leading edge of a blade. To avoid this, use of f_2 or SO is recommended (Menter 1992; Kato and Launder 1993) , where f_ is the absolute value of the vorticity.
These suggestions follow from the fact that for a stagnation flow, 92 = 0 and for a simple shear flow, use of $92 is identical to that of 3a.
Based upon comparison with experimental data, we recommend the use 922 of $92 and will later describe the effect of using S", $92 or in Eq.
(4) on the heat transfer coefficient at the blade surface.
If _, represents any constant in the original k-co model (6k_ .... ), and _2 anY constant in the transformed k-e model (Ok2.... ), then _, the corresponding constant of the new model given by Eqs. (1) and (2) is
y is the distance to the next surface, and CDkt o is the positive portion of the cross-diffusion term of Eq. (2). 
and the eddy viscosity is defined as
where F_ is given by
We may note that Eqs. (7) and (I0) require the computation of y, the distance to a wall. This can be complicated for a multi-block grid, such as in the present case. A simple remedy, however, is to set lly to zero for all grid cells initially, and to compute l/y once only for those blocks that have a wall boundary condition.
In fact, if a block has more than one wall, one can specify
where y_ is the distance of a grid cell from one wall, y_ is the distance of the same cell from the second wall, and so on. It is easy to use any other combination in Eq. (11). However, a negligible difference in the heat transfer coefficient on the blade surface was found whether Eq.
(11) was used or lly was taken to be the maximum of lly_ and l/y z for a block limited by the blade and the hub. This scheme works since for the SST model, the k-o model is activated in the near-wall region while the standard k-e model is activated in the outer wake region and in free shear layers. We realize that this scheme may have some limitations based on how various blocks are configured in the grid.
With F_ : 1, Eqs. (1) and (2) 
where Tu_. is the intensity of turbulence at the inlet (taken to be 0.09 or 0.0025 as per experimental data for the rotor), Um is the absolute velocity at inlet, and Q is the integral length scale representing the size of the energy containing eddies. This length scale is usually different from that reported as part of the experimental conditions, and needs to be revised as detailed later.
At the main flow exit plane located at an axial distance equal to 80% of the blade axial chord downstream of the blade trailing edge, the static pressure is specified and the density and velocity components are extrapolated from the interior. At the solid surface of the blade and hub, the no-slip condition is enforced, and temperature is specified as per experimental data. 
and fexp is the length scale measured experimentally (Giel et al., 1999) as 1 "fl_,(x,y,z,t,r) dr
Here R, is the auto-correlation tensor for velocity, and dr represents the infinitesimal displacement.
We may mention that according to Wilcox (1998) , the relation between co, k and f is given by Eq. (15).
EXPERIMENTAL DETAILS
Measurements were made in a linear cascade facility at the NASA Glenn Research Center (Giel et al., 1999) . A turbine blade with 136°o f turning, an axial chord of 127 mm and a span of 152.4 mm was tested in a highly three-dimensional flow field resulting from thick inlet boundary layers (cf. (4) for the production term. Figure 3 shows the effect of turbulence length scale on the Stanton number distribution on the blade surface using the k-to model of Wilcox (1998) 
Differences
between the Stanton number contours resulting from the two k-to models are too small to be displayed here.
The effect of using S" or fl'-or S_ in the production term for Eqs.
(1) and (2) We may recall (cf. Fig. 2 ) that the largest adverse pressure gradient region lies near mid-span on the suction side of this rotor. Table 1 were run using the SST model only. We may also note that the Reynolds number is half of that for cases 3 and 4 discussed earlier for the low turbulence level. 
CONCLUSIONS

